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1. 

COMMUNICATION APPARATUS AND 
COMMUNICATION METHOD 

FIELD 

The present invention relates to a communication appara 
tus and a communication method. 

In conventional communication systems, in order for a 
managing station to make slave stations synchronize in opera 
tion, the managing station sends out a synchronization frame 
to each slave station, and the slave station having received it 
starts processing upon the reception. 

For example, where a communication system is formed of 
a line-type network, the reaching time when the synchroni 
Zation frame from the managing station reaches the slave 
station differs for each slave station due to the influence of 
transfer processing times in slave stations arranged in the path 
and transmission delay times in the cables connecting com 
munication apparatuses. 

In order to correct for the difference in the reaching time of 
the synchronization frame, each slave station finds out the 
delay time that it takes for the synchronization frame to reach 
the slave station, is given an offset value corresponding to the 
delay time, and adds the offset value to the reaching time, 
thereby making synchronization time be the same for each 
slave station. As the method with which each slave station 
finds out the delay time, there is known a method that mea 
Sures the transmission time of a particular signal sent back 
and forth between the managing station and each slave station 
to obtain a transmission delay time from this transmission 
time (refer to, e.g., Patent Literature 1). 

CITATION LIST 

Patent Literature 

Patent Literature 1: Japanese Patent Application Laid 
Open Publication No. H10-13394 

SUMMARY 

Technical Problem 

In the above conventional art, when unexpected delay has 
occurred because a slave station on the network has failed or 
a hub has been added, if the synchronization frame is sent out 
without a delay due to that delay being taken into account, 
then the time when the synchronization frame reaches slave 
stations subsequent to the failed slave station or the added 
hub, as seen from the managing station, becomes later, so that 
an event where the synchronization time is not the same (loss 
of synchronization) occurs. However, there is the problem 
that, if Such an unexpected delay element has occurred, the 
occurred place cannot be identified. 
The present invention was made in view of the above facts, 

and an object thereof is to provide a communication apparatus 
and communication method which can detect the occurrence 
of unexpected delay and identify the occurred place of the 
delay element in a communication system where a managing 
station and multiple slave stations are connected via trans 
mission paths and where communication is performed with 
maintaining synchronization between the slave stations. 

Solution to Problem 

There is provided a communication apparatus to be con 
nected to a plurality of slave stations via a network and to 
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2 
manage a logical ring on the network and to communicate 
with the slave stations at a predetermined communication 
cycle, comprising: a communication unit that communicates 
with the slave stations; a delay time measuring unit that, while 
transmitting a delay time measurement frame to each of the 
slave stations via the communication unit and receiving a 
response frame to the delay time measurement frame from the 
slave station via the communication unit, measures elapsed 
time from when transmitting the delay time measurement 
frame to when receiving the response frame, and calculates a 
half of the measured elapsed time as a delay time of the slave 
station; and a delay detecting unit that compares the delay 
time calculated by the delay time measuring unit and a delay 
judgment value that is an average of the delay times calcu 
lated in a past for the slave station to determine whether delay 
is occurring in the slave station for each of the slave stations, 
and identifies, if delay is occurring in the slave station, the 
position of a delay element using connection configuration 
information indicating connection states between the com 
munication apparatus and the plurality of slave stations in the 
network. 

Advantageous Effects of Invention 

According to the present invention, when the delay time of 
a slave station is greater than an average delay time measured 
in the past, it is determined that a delay element is occurring, 
and its place is identified with use of connection configuration 
information. Hence, the present invention has the effect that if 
unexpected delay has occurred on the network because of a 
failure in or addition of a slave station, it can be immediately 
determined where the delay element has occurred. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram schematically showing an example of 
the configuration of a communication system according to an 
embodiment of the present invention. 

FIG. 2 is a diagram schematically showing an example of 
the configuration of a managing station according to the 
embodiment. 

FIG.3 is a flow chart showing an example of the procedure 
of a delay time measuring process. 

FIG. 4 is a diagram showing the outline of the delay time 
measuring process. 

FIG. 5 is a flow chart showing an example of the procedure 
of an average delay time calculating process. 

FIG. 6 is a flow chart showing an example of the procedure 
of a delay detecting process. 

FIG. 7 is a diagram schematically showing an example of 
the operation of the communication system in the case where 
a delay element has occurred on the network. 

FIG. 8 is a diagram schematically showing an example of 
the operation of the communication system in the case where 
a delay element has occurred on a line-type star-type mixed 
network. 

DESCRIPTION OF EMBODIMENTS 

A preferred embodiment of the communication apparatus 
and communication method according to the present inven 
tion will be described in detail below with reference to the 
accompanying drawings. Note that this embodiment is not 
intended to limit the present invention. 

FIG. 1 is a diagram schematically showing an example of 
the configuration of a communication system according to the 
embodiment of the present invention. In the communication 
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system, one managing station 10 and multiple slave stations 
30 (30A to 30D) are connected by transmission paths 50 and 
form a network. In this example, four slave stations 30A to 
30D are connected in line to the managing station 10. The 
managing station 10 manages the order (a logical ring) in 
which to give a communication right on the network and 
manages communication Such that communication is per 
formed at a predetermined communication cycle. The man 
aging station 10 transmits, e.g., to the slave stations 30A to 
30D control data to drive controlled objects to be connected to 
the slave stations 30A to 30D at a predetermined communi 
cation cycle, and the slave stations 30A to 30D control the 
controlled objects based on the control data and transmit the 
status data indicating the control status of the controlled 
objects to the managing station 10 at a predetermined com 
munication cycle. 

FIG. 2 is a diagram Schematically showing an example of 
the configuration of the managing station according to the 
embodiment. The managing station 10 comprises a transmit 
ting unit 11, a receiving unit 12, a timer unit 13, a connection 
configuration information storing unit 14, a frame processing 
unit 15, a delay time measuring unit 16, an average delay time 
calculating unit 17, a delay time storing unit 18, a delay 
detecting unit 19, an output unit 20, and a control unit 21 that 
controls each of those units. 
The transmitting unit 11 transmits frames generated by the 

frame processing unit 15 or a delay-time measurement frame 
(hereinafter called a measurement frame) generated by the 
delay time measuring unit 16, and the receiving unit 12 
receives frames destined for its own station. The transmitting 
unit 11 and the receiving unit 12 form a communication unit. 
The timer unit 13 is used when measuring a transmission 
delay time (hereinafter called a delay time) of each slave 
station 30A to 30D, is started when transmitting a measure 
ment frame, and is stopped when receiving a delay-time mea 
Surement response frame (hereinafter called a response 
frame). 
The connection configuration information storing unit 14 

stores connection configuration information (network topol 
ogy information) of the communication apparatuses in the 
communication system. For example, in the communication 
system shown in FIG. 1, in it stored is connection configura 
tion information indicating that the slave station 30A is con 
nected to the managing station 10, that the slave station 30B 
is connected to the slave station 30A, that the slave station 
30C is connected to the slave station 30B, and that the slave 
station 30D is connected to the slave station 30C. 
The frame processing unit 15 generates frames to be trans 

mitted to the slave stations 30A to 30D and outputs them to 
the transmitting unit 11, and performs a reception process for 
making data in a frame received by the receiving unit 12 be, 
e.g., usable to the other units. In normal processing, the frame 
processing unit 15 generates a synchronization frame includ 
ing control data and the like for each slave station 30A to 30D 
at a predetermined communication cycle and obtains status 
data from a frame received from each slave station 30A to 
3OD. 
The delay time measuring unit 16 measures the delay time 

of each slave station 30A to 30D. Specifically, the delay time 
measuring unit 16 generates a measurement frame and starts 
timing operation of the timer unit 13 when the transmitting 
unit 11 transmits it to one slave station 30, and upon receiving 
a response frame that is a response to the measurement frame 
from the slave station 30 by the receiving unit 12, stops timing 
operation of the timer unit 13 to take half of the timer value 
counted by the timer unit 13 as the delay time of each slave 
station 30. The delay time measuring unit 16 performs this 
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4 
process sequentially for all the slave stations 30A to 30D 
present in the network based on the connection configuration 
information stored in the connection configuration informa 
tion storing unit 14. 
The average delay time calculating unit 17 calculates an 

average delay time that is a delay judgment value for each 
slave station 30A to 30D using the delay times calculated by 
the delay time measuring unit 16 in the past and stores it in the 
delay time storing unit 18. Further, the delay time storing unit 
18 stores average delay time information in which the slave 
stations 30A to 30D are associated with their average delay 
times. 

For example, as the average delay time, the average value 
of results of performing delay time measurement a predeter 
mined number of times at the start of the communication 
system may be used, after that, the average value may be used 
fixedly until the communication system is initialized. In this 
case, the average delay time is not updated until the commu 
nication system is initialized next time. 

Alternatively, as the average delay time, the average value 
of delay times measured a predetermined number of times 
over a period from the present into the past may be obtained. 
In this case, as to the method of determining the number of 
times, the number of times may be variable according to the 
length of the delay time, or may be variable according to the 
amount of variation in the average value calculated. In this 
case, for example, results of measuring the delay time a 
predetermined number of times, together with the average 
delay time, are stored being associated with the slave stations 
30A to 30D in the average delay time information. Further, 
the average delay time is updated each time measurement is 
performed. 

Alternatively, as the average delay time, the average value 
of delay times measured a number of times over a period from 
a predetermined time may be used. Here, the predetermined 
time may be a time when all the slave stations 30A to 30D in 
the network start operating or a time when the occurrence of 
unexpected delay has been detected in any of the slave sta 
tions 30A to 30D. 
The delay detecting unit 19 compares the delay time cal 

culated by the delay time measuring unit 16 and the average 
delay time stored in the delay time storing unit 18 to deter 
mine whether a delay element has occurred in the network, 
and if detecting the occurrence of a delay element, identifies 
its place. Specifically, if the delay time deviates from the 
average delay time by a predetermined proportion, then the 
delay detecting unit 19 determines that delay is occurring. 
Further, the delay detecting unit 19 identifies the occurred 
place of the delay element from the presence/non-presence of 
delay in each slave station 30A to 30D and the connection 
configuration information indicating the connection states of 
the slave stations 30A to 30D. By what degree the delay time 
deviates from the average delay time when it is determined 
that delay is occurring, is decided for each network, and the 
reference to determine that a delay element has occurred can 
be set such that if the delay time changes by, e.g., 10% of the 
average delay time or 50% thereof, the detecting unit deter 
mines so. Or, rather than detecting delay with use of the 
proportion of deviation, it may be determined that delay is 
occurring if the difference between the delay time and the 
average delay time is greater than or equal to a predetermined 
value. 
The output unit 20 outputs a warning when the delay 

detecting unit 19 has detected the occurrence of a delay ele 
ment. For example, a display function (warning indication 
unit) Such as an LED (Light-Emitting Diode) may be pro 
vided in the managing station 10 to be lit, or an LED as a 
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warning indication unit of the slave station 30A to 30D near 
the place where a delay element has occurred or an LED as a 
warning indication unit of the slave station30A to 30D where 
a delay element has occurred may be lit. Or, those LEDs may 
be lit at the same time. Or, where the output unit 20 is con 
stituted by a display device, with the connection relation of 
each communication apparatus obtained from the connection 
configuration information being displayed, the occurred 
place of a delay element may be displayed being laid over the 
connection relations of the communication apparatuses. 
The slave stations 30A to 30D used in this communication 

system are the same in configuration as slave stations 30A to 
30D used to realize usual synchronous communication 
except that they immediately sends a response frame destined 
for the managing station 10 when receiving a measurement 
frame, and hence description thereof is omitted. 

Next, processes in this communication system will be 
described. Description will be made in the order of a delay 
time measuring process, an average delay time calculating 
process, and a delay detecting process. 

<Delay Time Measuring Process.> 
FIG.3 is a flow chart showing an example of the procedure 

of the delay time measuring process. First, the delay time 
measuring unit 16 of the managing station 10 selects one 
slave station 30 from the connection configuration informa 
tion stored in the connection configuration information Stor 
ing unit 14 (step S11), and generates a measurement frame to 
be destined for that slave station 30 (step S12). Then, the 
delay time measuring unit 16 has the transmitting unit 11 
transmit the measurement frame and at the same time starts 
timing operation of the timer unit 13 (step S13). 

The slave station 30, when having received the measure 
ment frame (step S14), immediately transmits a response 
frame to the managing station 10 (step S15). At the same time 
that the receiving unit 12 of the managing station 10 receives 
the response frame from the slave station 30 to which it 
transmitted the measurement frame at step S13, the delay 
time measuring unit 16 stops timing operation of the timer 
unit 13 (step S16). Then, the delay time measuring unit 16 
calculates the delay time of the slave station 30 selected at 
step S11 as half of the timer value of the stopped timer unit 13 
(step S17). The calculated delay time is stored being associ 
ated with the slave station 30 in the delay time storing unit 18 
(step S18). At this time, the timer value is reset. 

Then, the delay time measuring unit 16 of the managing 
station 10 determines whether the delay time is measured for 
all the slave stations 30 in the network (step S19), and if the 
delay time is not measured for all the slave stations 30 (No at 
step S19), then the process returns to step S11, and the above 
process is repeatedly performed. If the delay time is measured 
for all the slave stations 30, then the process ends. 

FIG. 4 is a diagram showing the outline of the delay time 
measuring process. For example, in the case of the network 
configuration shown in FIG. 1, the delay time measuring 
process is performed as shown in FIG. 4. That is, at first, the 
managing station 10 selects the slave station 30A and trans 
mits a measurement frame 110 to the slave station 30A and at 
the same time starts timing operation of the timer unit 13. 
When having received the measurement frame 110, the slave 
station 30A immediately transmits a response frame 111 to 
the managing station 10. When having received the response 
frame 111, the managing station 10 stops timing operation of 
the timer unit 13. Then, the managing station 10 calculates a 
half of the timer value as the delay time of the slave station 
30A and stores the calculated delay time. 

Then, the managing station 10 selects the slave station 30B, 
and using a measurement frame 112 and a response frame 113 
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6 
likewise between itself and the slave station 30B, calculates 
the delay time of the slave station 30B and stores the delay 
time. Subsequently, the managing station 10 sequentially 
selects the slave stations 30C, 30D, and likewise calculates 
the delay times of the slave stations 30C,30D and stores them. 
After storing the delay time of the slave station 30D, the 
managing station 10 finishes the delay time measuring pro 
cess because no other slave station exists in the network. 

<Average Delay Time Calculating Process> 
Here, description will be made taking as an example the 

case where the average delay time is calculated after the delay 
time measuring process is performed a predetermined num 
ber of times like the case where the average delay time cal 
culating process is performed after the communication sys 
tem is initialized. 

FIG. 5 is a flow chart showing an example of the procedure 
of the average delay time calculating process. First, the delay 
time measuring unit 16 of the managing station 10 performs 
the delay time measuring process (step S31). This delay time 
measuring process is the process shown in the flow chart of 
FIG. 3. Then, the delay time measuring unit 16 of the man 
aging station 10 determines whether the delay time measur 
ing process has been performed a predetermined number of 
times (step S32). If the delay time measuring process has not 
been performed a predetermined number of times (No at step 
S32), then the delay time measuring unit 16 returns to step 
S31. If the delay time measuring process has been performed 
a predetermined number of times (Yes at step S32), then the 
average delay time calculating unit 17 takes the average of the 
delay times for the predetermined number of times stored in 
the delay time storing unit 18 for each slave station 30 to 
obtain the average delay time (step S33). Then, the average 
delay times are stored being associated with the slave stations 
30 in the delay timestoring unit 18 (step S34), and the average 
delay time calculating process finishes. 

<Delay Detecting Process.> 
FIG. 6 is a flow chart showing an example of the procedure 

of the delay detecting process. First, the delay time measuring 
unit 16 of the managing station 10 performs the delay time 
measuring process (step S51). This delay time measuring 
process is the process shown in the flow chart of FIG.3. Then, 
the delay detecting unit 19 selects one slave station 30 from 
the connection configuration information stored in the con 
nection configuration information storing unit 14 (step S52), 
and compares the delay time calculated by the delay time 
measuring process and the average delay time in the delay 
time storing unit 18 to determine whether unexpected delay is 
occurring (step S53). 

If unexpected delay is not occurring (No at step S53), it is 
determined that that slave station 30 is in a normal state (step 
S54). On the other hand, ifunexpected delay is occurring (Yes 
at step S53), it is determined that unexpected delay is occur 
ring in that slave station 30 (step S55). 

Thereafter or after step S54, it is determined whether the 
delay detecting process has been performed for all the slave 
stations 30 (step S56), and if the delay detecting process has 
not been performed for all the slave stations 30 (No at step 
S56), then the process returns to step S51. 

If the delay detecting process has been performed for all the 
slave stations 30 (Yes at step S56), then it is determined 
whether there is at least one slave station 30 in which unex 
pected delay has been detected (step S57). If there is no slave 
station 30 in which unexpected delay has been detected (No at 
step S57), then it is determined that the communication sys 
tem is in a normal state where an unexpected delay is not 
occurring as much as to cause loss of synchronization (step 
S58). Then, it is determined whether a predetermined time 
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has passed since a measurement frame was transmitted last 
time (step S59), and if the predetermined time has not passed 
(No at step S59), then the delay detecting unit 19 goes into a 
wait state. If the predetermined time has passed (Yes at step 
S59), then the process returns to step S51. 
On the other hand, if there is at least one slave station in 

which unexpected delay has been detected at step S57 (Yes at 
step S57), then it is determined that in the communication 
system, so much unexpected delay is occurring as to cause 
loss of synchronization (step S60). Then, the delay detecting 
unit 19 identifies the position of the delay element using the 
connection configuration information stored in the connec 
tion configuration information storing unit 14 (step S61). For 
example, it can be thought that on the connection configura 
tion information, the delay element exists at the boundary 
between a slave station 30 in which unexpected delay has 
been detected and a slave station 30 in which unexpected 
delay has not been detected or that the delay element exists in 
the slave station 30 in which unexpected delay has been 
detected that is the closest to that boundary. Then, the delay 
detecting unit 19 outputs the position information of the slave 
station 30 close to the delay element (step S62). For example, 
in the above example, the slave station 30 in which unex 
pected delay has been detected and the slave station 30 in 
which unexpected delay has not been detected on opposite 
sides of the above boundary are acquired as slave stations 30 
close to the delay element. Then, the output unit 20 of the 
managing station 10 can light a warning indication light Such 
as an LED provided in its own station, or light a warning 
indication light such as an LED provided in the slave station 
30 in which unexpected delay has been detected, or display a 
connection state diagram based on the connection configura 
tion information on a displaying unit Such as a liquid crystal 
display provided in its own station and display the occurred 
place of the delay element laid over the diagram. This finishes 
the delay detecting process. 

Note that if unexpected delay has been detected, the delay 
detecting unit 19 of the managing station 10 may stop com 
munication in the communication system, or the delay detect 
ing unit 19 of the managing station 10 may store, as a new 
average delay time, the delay time calculated at step S51 for 
the slave station 30 where delay is determined to have 
occurred in the delay time storing unit 18 so as to perform the 
delay detecting process based on that value. Further, the delay 
detecting unit 19 can efficiently identify the occurred place of 
the delay element by performing the delay time measuring 
process in the order from a slave station 30 closest to the delay 
element using the connection configuration information. 

FIG. 7 is a diagram Schematically showing an example of 
the operation of the communication system in the case where 
a delay element has occurred on the network. Here, it is 
assumed that in the communication system of FIG. 1. Some 
delay element 140 has occurred between the slave stations 
30B and 30C. That is, delay times calculated from measure 
ment of the time from when the managing station 10 transmits 
measurement frames 110, 112 respectively to the slave sta 
tions 30A and 30B to when receiving response frames 111, 
113 are within a predetermined range as compared with the 
average delay times of the slave stations 30A and 30B stored 
in the delay time storing unit 18. In contrast, delay times 
calculated from measurement of the time from when the 
managing station 10 transmits measurement frames 114, 116 
respectively to the slave stations 30C and 30D to when receiv 
ing response frames 115, 117 are detected to greatly deviate 
from the predetermined range as compared with the average 
delay times of the slave stations 30C and 30D stored in the 
delay time storing unit 18. At this time, unexpected delay is 
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not occurring in the slave station 30B, and unexpected delay 
is occurring in the slave station 30C. Hence, it is determined 
that the delay element 140 is occurring on the transmission 
path 50 between the slave stations 30B and 3.0C or in the slave 
station 30C. Then, a warning indicating the occurrence of the 
delay element 140 is output to the output unit 20. For 
example, a warning indication light 150 provided in the man 
aging station 10 may be lit, or warning indication lights 151, 
152 provided in the slave station 30B and/or the slave station 
30C close to the occurred place of the delay element 140 may 
be lit. 

Note that, although in the above example description has 
been made of the network configuration where the managing 
station 10 and the slave stations 30A to 30D are connected in 
line, the present invention is not limited to this, but can be 
applied to star-type networks and line-type star-type mixed 
networks. 

FIG. 8 is a diagram schematically showing an example of 
the operation of the communication system in the case where 
a delay element has occurred on a line-type star-type mixed 
network. This example shows one where a hub 60 is provided 
between the slave stations 30A and 30B in the network of 
FIG. 1 and where slave stations 30E to 30G are further con 
nected in line to the hub 60. After the delay time measuring 
process is performed on the slave stations 30A to 30D in the 
same way as described with reference to FIGS. 4 and 7, the 
delay time measuring process is performed sequentially on 
the slave stations 30E to 30G with measurement frames 120, 
122, 124 and response frames 121, 123, 125 thereto being 
transmitted/received. 

Here, it is assumed that some delay element 141 has 
occurred between the slave stations 30E and 30F. That is, a 
delay time calculated from measurement of the time from 
when the managing station 10 transmits a measurement frame 
120 to the slave station 30E to when receiving a response 
frame 121 is within a predetermined range as compared with 
the average delay time of the slave station 30E stored in the 
delay time storing unit 18. In contrast, a delay time calculated 
from measurement of the time from when the managing sta 
tion 10 transmits a measurement frame 122 to the slave sta 
tion 30F to when receiving a response frame 123 is detected 
to greatly deviate from the predetermined range as compared 
with the average delay time of the slave station 30F stored in 
the delay time storing unit 18. At this time, unexpected delay 
is not occurring in the slave station30E, and unexpected delay 
is occurring in the slave station 30F. Hence, it is determined 
that the delay element 141 is occurring on the transmission 
path 50 between the slave stations 30E and 30F or in the slave 
station 30F. Then, a warning indicating the occurrence of the 
delay element 141 is output to the output unit 20. For 
example, a warning indication light 150 provided in the man 
aging station 10 may be lit, or warning indication lights 153, 
154 provided in the slave station 30E and/or the slave station 
30F close to the occurred place of the delay element 141 may 
be lit. 

This embodiment has the effect that if unexpected delay 
has occurred on the network because of a failure in or addition 
of a slave station 30, it can be immediately determined where 
the delay element has occurred and that the occurred place of 
the delay element can be shown visually by warning indica 
tion. 

INDUSTRIAL APPLICABILITY 

As described above, the communication apparatus accord 
ing to this invention is useful for networks where data is 
exchanged periodically. 
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REFERENCE SIGNS LIST 

10 Managing station 
11 Transmitting unit 
12 Receiving unit 5 
13 Timer unit 
14 Connection configuration information storing unit 
15 Frame processing unit 
16 Delay time measuring unit 
17 Average delay time calculating unit 
18 Delay time storing unit 
19 Delay detecting unit 
20 Output unit 
21 Control unit 
30, 30A to 30G Slave station 
50 Transmission path 
60 Hub 
The invention claimed is: 
1. A communication apparatus connected to a plurality of 

slave stations via a network, comprising: 
a transmitter and a receiver configured to communicate 

with the plurality of slave stations; and 
a processor configured to: 

in response to the transmitter transmitting a delay time 
measurement frame to each of the plurality of slave 
stations and the receiver receiving a response frame to 
the delay time measurement frame from said each of 
the plurality of slave stations, measure, for said each 
of the plurality of slave stations, an elapsed time from 
a first point in time in which the transmitter transmit 
ted the delay time measurement frame to a second 
point in time in which the receiver received the 
response frame, and calculate an individual delay 
time for said each of the plurality of slave stations 
based on the measured elapsed time for said each of 
the plurality of slave stations, 

compare said individual delay time for said each of the 
plurality of slave stations with an individual delay 
judgment value, wherein the individual delay judge 
ment is an average of individual delay times calcu 
lated in previous communication cycles for a respec 
tive slave station, wherein the individual delay time of 
a current cycle is received after the individual delay 
times of the previous communication cycles, 

determine whether an abnormal delay is occurring in at 
least one of the plurality of slave stations, 

in response to the determining that the abnormal delay is 
occurring, identifying a position of a delay element 
using connection configuration information indicat 
ing connection states between the communication 
apparatus and the plurality of slave stations in the 
network, and 

in response to the determining that the abnormal delay is 
not occurring, updating the individual delay judge 
ment by recalculating the average of the individual 
delay times using the calculated individual delay time 
of the current communication cycle and the delay 
times of the previous communication cycles, 

wherein, in response to the identified delay element being 
in a faulty slave station from among the plurality of slave 
stations, the transmitter transmits a warning indication 
to the faulty slave station in which the determined abnor 
mal delay has been identified, 

wherein, in response to the identified delay element being 
not in one of the plurality of slave stations and being 
between two of the plurality of slave stations, the trans 
mitter transmits the warning indication to an adjacent 
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10 
slave station from among the plurality of slave stations, 
which is adjacent to the identified delay element, and 

wherein, in response to the warning indication, one of the 
faulty slave station and the adjacent slave station is con 
figured to output an alarm showing an occurrence of the 
determined abnormal delay. 

2. The communication apparatus according to claim 1, 
further comprising: a display configured to display the iden 
tified position of the delay element on a diagram of the con 
nection states between the communication apparatus and the 
plurality of slave stations based on the connection configura 
tion information. 

3. The communication apparatus according to claim 1, 
wherein: in response to the calculated individual delay time 
deviating from the individual delay judgment value by a 
predetermined amount or proportion, the processor is further 
configured to set the calculated delay time as a new delay 
judgment value for the respective slave station. 

4. The communication apparatus according to claim 1, 
wherein 

the network is at least one of a line type network and a star 
type network. 

5. A communication method in a communication system 
where a managing station and a plurality of slave stations are 
connected via a network, the method comprising: 

transmitting, by the managing station, a delay time mea 
surement frame to a slave station from the plurality of 
slave stations; 

starting a timing operation in response to the transmitting 
of the delay time measurement frame to measure an 
elapsed time; 

receiving, by the managing station, a response frame 
responsive to the delay time measurement frame from 
the slave station; 

stopping the timing operation in response to the receiving 
of the response frame to measure the elapsed time; 

calculating a delay time of the slave station in a current 
communication cycle, based on the measured elapsed 
time; 

comparing the calculated delay time with a delay judgment 
value that is an average of individual delay times calcu 
lated in previous communication cycles using the timing 
operation for the slave station, wherein the calculated 
delay time of the current cycle is received after the 
individual delay times of the previous communication 
cycles; 

determining whetheran abnormal delay is occurring in the 
slave station based on the comparing; 

in response to the determining indicating that the abnormal 
delay is occurring in the slave station, identifying a 
position of a delay element using connection configura 
tion information indicating connection states between 
the managing station and the plurality of slave stations in 
the network; and 

in response to the determining indicating that the abnormal 
delay is not occurring, updating the delay judgment by 
recalculating the average of the individual delay times 
using the calculated delay time in the current cycle and 
the individual delay times of the previous communica 
tion cycles, 

wherein the transmitting, the starting, the receiving, the 
stopping, the calculating, the comparing, and the deter 
mining is performed for each of the slave stations, 

wherein, in response to the identified delay element being 
in a faulty slave station from among the plurality of slave 
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stations, transmitting a warning indication to the faulty 
slave station in which the determined abnormal delay 
has been identified, 

wherein, in response to the identified delay element being 
not in one of the plurality of slave stations and being 
between two of the plurality of slave stations, transmit 
ting the warning indication to an adjacent slave station 
from among the plurality of slave stations, which is 
adjacent to the identified delay element, and 

wherein, in response to the warning indication, one of the 
faulty slave station and the adjacent slave station is con 
figured to output an alarm showing an occurrence of the 
determined abnormal delay. 

6. The communication method according to claim 5, fur 
ther comprising: displaying the identified position of the 
delay element on a diagram of the connection states between 
the communication apparatus and the plurality of slave sta 
tions based on the connection configuration information. 

7. The communication method according to claim 5, 
wherein 

the determining comprises, in response to the calculated 
delay time deviating from the delay judgment value by a 
predetermined amount or proportion, setting the calcu 
lated delay time as a new delay judgment value. 

8. The communication method according to claim 5, 
wherein 

the network is at least one of a line type network and a star 
type network. 

9. The communication apparatus according to claim 1, 
wherein the communication apparatus manages the network 
which forms a logical ring comprising the plurality of slave 
stations, communicates with the plurality of slave stations in 
a predetermined communication cycle, and synchronizes the 
plurality of slave stations. 

10. The communication apparatus according to claim 1, 
wherein a faulty slave station is a slave station that is closer to 
the delay element than the remaining slave stations from the 
plurality of slave stations. 

11. The communication apparatus according to claim 1, 
wherein the transmitter sequentially transmits the delay time 
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measurement frame to said each of the plurality of slave 
stations and wherein the processor further comprises a timer 
which measures the elapsed time from a respective delay time 
measurement frame to a response frame for the respective 
slave station for said each of the plurality of slave stations and 
wherein the transmitter transmits to said each of the plurality 
of slave stations a synchronization frame to synchronize 
operations of the plurality of slave stations with each other. 

12. The communication apparatus according to claim 1, in 
response to the processor determining that at least two of the 
plurality of slave stations have the determined abnormal 
delay, the processor identifying the position of the delay 
element as occurring in a line between a first slave station 
without the determined abnormal delay and a second slave 
station, which has the determined abnormal delay and which 
is closest to the communication apparatus based on the con 
nection configuration information. 

13. The communication apparatus according to claim 1, 
wherein said each of the plurality of slave stations comprise a 
display configured to display a warning in response to the 
transmitter transmitting an indicator of the determined abnor 
mal delay. 

14. The communication apparatus according to claim 13. 
wherein the display is further configured to display a network 
topology with a location identifier of the identified position of 
the delay element based on receiving from the communica 
tion apparatus the identified position of the delay element. 

15. The communication method of claim 5, wherein the 
identifying is performed after the transmitting, the starting, 
the receiving, the stopping, the calculating, the comparing, 
and the determined is performed for said each of the slave 
Stations. 

16. The communication method of claim 5, wherein the 
managing station maintains synchronization between the plu 
rality of slave stations via transmitting a synchronization 
frame to said each of the plurality of slave stations, commu 
nicates with the plurality of slave stations in a predetermined 
communication cycle, and manages a logical ring on the 
network comprising at least one hub. 
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